Objective: To determine cutoff points of anthropometric variables for predicting incident cardiovascular disease (CVD) in Iranian adults. Design: It is a population-based longitudinal study. Subjects: A total of 1614 men and 2006 women, aged X40 years, free of CVD at baseline were included in the study. Measurements: Body mass index (BMI), waist circumference (WC), waist-to-hip ratio (WHR), waist-to-height ratio (WHtR) and cardiovascular risks were assessed. Incident CVD was ascertained over a median of 7.6 years follow-up. The adjusted hazard ratios (HRs) for CVD were calculated for 1 s.d. change in all obesity variables using Cox proportional hazards regression analysis. Receiver operator characteristic (ROC) curve analysis was used as the method of defining the points of the maximum sum of sensitivity and specificity (MAXss) of each variable as a predictor of CVD. Results: We found 333 CVD events during follow-up. The risk-factor-adjusted HRs were significant for all anthropometric variables in males and WHR in females and were 1.19, 1.24, 1.21 and 1.24 for BMI, WC, WHR and WHtR in males and 1.27 for WHR in females, respectively (all Po0.05). ROC analysis showed the highest area under curve (AUC) for WHR, WHtR and WC, followed by BMI in males and both genders agedp60 years. In females, WHR and WHtR had the highest AUC, followed by WC and BMI. Among those 460 years old, all the anthropometric variables showed same CVD predicting power. The cutoff values (MAXss) for CVD prediction in males and females were BMIs 26.95 and 29.19 kg m À2 ,WCs 94.5 and 94.5 cm, WHRs 0.95 and 0.90, and WHtR 0.55 and 0.62, respectively. Conclusion: There was no difference between central obesity variables in predicting CVD in males, whereas in females WHR and WHtR were more appropriate. The cutoff values of anthropometric variables were higher in the Iranian than in other Asian populations.
Introduction
The prevalence of obesity has increased dramatically in industrialized and developed countries. 1, 2 The American Heart Association and American College of Cardiology guidelines for secondary prevention in coronary artery disease (CAD) have identified obesity as a major modifiable cardiovascular disease (CVD) risk factor. 3 The health risk associated with central obesity has been reported to be greater than general obesity as measured by body mass index (BMI). 4, 5 However, genetic factors may modify this association 6 and the appropriate indices of risk may therefore differ in different ethnic groups, for example, Asians and Caucasians, in whom great differences in susceptibility to abdominal obesity and its co-morbidities such as diabetes mellitus and hypertension have been documented. 5 Furthermore, the most frequently used cutoff values for these indicators have been based predominantly on European data; therefore, these may not be appropriate in other populations. There is therefore a need to determine effective cutoff values of each variable for the early detection and management of CVD risks in nonEuropean populations. Middle East populations show an increasing incidence and prevalence of obesity [7] [8] [9] [10] and CVD imposes a heavy burden on the health systems in these countries; 11, 12 appropriate anthropometric criteria for specifying CVD risk in these population are therefore essential. Previous studies comparing anthropometric variables, especially waist circumference (WC), waist-to-hip ratio (WHR) and BMI, in taking out CVD risk in Middle East countries assessed cross-sectional data, 13, 14 but the best methods of obtaining reliable indices to prevent future CVD depend on prospective studies. The current study was conducted on urban Iranian adult men and women to compare the ability of BMI, WC, WHR, waist-to-height ratio (WHtR) and hip circumference (HC) for CVD prediction during a 7.6-year follow-up. On the other hand, the body composition might change with age and the choice of anthropometric variables and their cutoff values for incident CVD in the elderly are uncertain. Therefore, we additionally aimed to determine the anthropometric cutoff values for incident CVD in both genders and with separate evaluation of older adults (over 60 years).
Methods

Study population
This study was conducted within the framework of the Tehran Lipid and Glucose Study (TLGS), a prospective study performed on a representative sample of residents of district-13 of Tehran with the aim of determining the prevalence of risk factors for non-communicable disease and developing healthy lifestyle guidance to improve these risk factors. 15 In the TLGS, 15 005 people, aged X3 years, participated in the cross-sectional phase (February 1999 to August 2001); subjects were categorized into the cohort and intervention groups, the latter to be educated for implementation of lifestyle modifications. 16 From this overall group, a total of 5406 subjects (2398 men and 3008 women), aged X40 years, were evaluated in the cross-sectional phase of TLGS. Subjects with a history of CVD at baseline (n ¼ 494) and those with missing data (n ¼ 435) were excluded, leaving 4477 subjects; of these, 3620 subjects (1614 men and 2006 women) or about 74% of the subjects at risk (3620/(5406-494)) completed the follow-up until 20 March 2008, with a median follow-up of 7.6 years.
Clinical and laboratory measurements A trained interviewer collected information using a pretested questionnaire. The information obtained included demographic data, family history of CVD and past medical history of CVD, medication use, education level and smoking behavior. Weight was measured, while subjects were minimally clothed without shoes, using digital scales (Seca 707, Seca Corp., Hanover, MD, USA; range 0.1-150 kg) and recorded to the nearest 100 g. Height was measured in a standing position without shoes, using tape meter while shoulders were in a normal alignment. BMI was calculated as weight (kg) divided by square of height (m 2 ). WC was measured at umbilical level, using an unstretched tape meter, without any pressure to body surface and HC at the maximal level over light clothing. WHR and WHtR were calculated as WC (cm) divided by HC (cm) and by height (m), respectively. Two measurements of systolic and diastolic blood pressure were taken using a standardized mercury sphygmomanometer on the right arm, after a 15-min rest in a sitting position; mean of the two measurements was considered as subject's blood pressure.
A blood sample was drawn between 0700 and 0900 hours from all study participants after 12-14 h overnight fasting. All the blood sample analyses were undertaken at TLGS research laboratory on the day of blood collection. Fasting plasma glucose (FPG) was measured using an enzymatic colorimetric method with glucose oxidase. Total cholesterol (TC) was assayed using the enzymatic colorimetric method with cholesterol esterase and cholesterol oxidase. The analyses were carried out using Pars Azmon kits (Pars Azmon Inc., Tehran, Iran) and a Selectra 2 auto-analyzer (Vital Scientific, Spankeren, The Netherlands). The intra-and inter-assay coefficients of variation (CVs) were both o2.2% for FPG, and 0.5 and 2% for TC, respectively. Informed written consent was obtained from all subjects and the Ethical Committee of Research Institute for Endocrine Sciences approved this study. 18 The discrimination ability of models was calculated using the C index. To determine the usual approach of specifying the cutoff values of each anthropometric variable for predicting CVD, the receiver operator characteristic (ROC) curve analysis was used with an estimation of the variable's sensitivity and specificity. The cutoff point for each variable was assessed by the minimum
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19 which represented the maximum sum of sensitivity and specificity (MAXss) in each gender stratified by age. We also compared the predictive power (as assessed by the area under curve (AUC)) of different anthropometric variables for incident CVD (without adjustment for any covariate). SPSS software package (version 15; SPSS Inc., Chicago, IL, USA) and STATA software (version 10; STATA Inc., College Station, TX, USA) were used for data analyses and P-values o0.05 were considered to indicate statistical significance. To investigate interaction terms in the models, for avoiding type I error strongly and also as a large number of statistical comparisons were used in our interaction analysis, Po0.01 was considered to be statistically significant.
Results
The study population consisted of 3620 subjects, 1614 men and 2006 women, with the mean age (s.d.) of 55 (10.3) and 52.6 (9.0) years, respectively. After a median follow-up of 7.6 years (11 647 person years in men and 15 066 person years in women), we found 333 CVD events (200 events in men and 133 events in women). There was no significant difference between subjects who completed the follow-up study and those who did not, according to their baseline characteristics such as age, anthropometric variables and cardiovascular risk factors.
The baseline characteristics of men and women are shown in Table 1 . Men were older than women and had an average higher weight, height and WHR; however, the mean values of BMI, WC, HC and WHtR were higher in women. Smoking was more prevalent in men and they were more educated than women. On the other hand, hypertension, hypercholesterolemia and positive family history of premature CVD were more evident in women. Table 2 presents the HRs (95% CI) of 1 s.d. increase in each anthropometric variable for the first CVD event in two models separated by gender. In men, a positive association was found between all the anthropometric variables and CVD risk after adjustment for confounders. The HRs of all the variables decreased after further adjustment for mediators including hypertension, hypercholesterolemia and In men, according to the deviance and AIC, models including waist-related variables were better fitted than the models including BMI and HC. Furthermore, in women, the model including WHR was the best fitted one followed by WHtR. For each of anthropometric variables, models became more fitted from model 1 (only confounder adjusted) to model 2 (confounder and mediator adjusted) because of decreases in deviance and AIC. Regarding the discriminatory power of the models, we found that models with different anthropometric variables had relatively the same C index in each of the models 1 and 2; however, C index improved from model 1 to model 2 for each anthropometric variable in both genders (Table 2) .
In all the above models, a simple prediction model was considered without including interactions; however, when first-order interaction terms between anthropometrics and other covariates were added to each model, the only important significant interaction for CVD event was found in BMI-by-hypertension in men (P ¼ 0.001). This interaction was negative, that is, the HR (95% CI) of 1 s.d. increase in BMI for CVD events was 0.93 (0.76-1.14) in hypertensive men and 1.52 (1.27-1.82) in those with normal blood pressure. However, the addition of this interaction term in the full model indicated a few negligible improvements in the discriminatory power as assessed by the C index (data not shown). Figure 1 highlights the ROC characteristics of anthropometric variables for CVD event in men and women. In our data analysis, age (as an important background variable) resulted in a significant HR for CVD events; furthermore, the distribution of each anthropometric variables varied in different age groups (data available on request); hence, the AUCs were analyzed for different ages (p60 and 460 years old) to be more practical clinically. A total of 1099 men and 515 women p60 years of age and 1581 men and 425 women 460 years were included in this analysis. CVD events in Obesity variables to predict cardiovascular events F Hadaegh et al these groups were found to be 104 and 96 in younger and older men and 74 and 59 in younger and older women, respectively. In all study subjects, the AUC for all waist-related variables were similar but higher than those for BMI in men (all Po0.01). However, in women, WHR and WHtR had almost the same but higher AUCs than those for BMI (both Po0.001) and WC (both Po0.05). In ages p60 years, waist-related variables showed the greatest AUCs and were significantly different from AUCs of BMI in both genders (all Po0.05); however, in ages 460 years there was no difference among AUCs of different anthropometric variables in either gender.
The cutoff points of various anthropometric variables to predict CVD event with their corresponding specificity and sensitivity among men and women are shown in Table 3 . Cutoff points of BMI, WC, WHR and WHtR for predicting incident CVD in the total study for men and women were 26.95 and 29.19 kg m À2 , 94.5 and 94.5 cm, 0.95 and 0.90, and 0.55 and 0.62, respectively. We also conducted a method Figure 1 Area under curve and 95% confidence interval of the anthropometric variables in predicting cardiovascular disease risk in Iranian men and women stratified by age. The anthropometric variables were BMI (body mass index), WC (waist circumference), WHR (waist-to-hip ratio) and WHtR (waist-to-height ratio). Error bars indicate 95% confidence interval. In this analysis, 1099 men and 515 women p60 years of age and 1581 men and 425 women 460 years were included. After a 7.6-year follow-up, there was 200 CVD events in men and 133 CVD events in women. Subjects were also stratified in two groups aged p60 years and 460 years; the CVD events in these groups were found to be 104 and 96 in younger and older men; 74 and 59 in younger and older women, respectively.
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for defining the cutoff points of anthropometric variables to allow the identification of 80% of future cases of CVD (that is, a sensitivity of B80%) in Table 4 . The results, as expected, produced lower cutoff points of anthropometric variables in predicting CVD.
Discussion
In this large prospective Iranian study, a strong association of all anthropometric variables in men with incident CVD in the presence of confounding variables, with or without mediators, was found. Although the differences were small in discriminatory terms (as assessed by C statistic), central obesity measures had better fitted models (as assessed by deviance and AIC) than BMI and HC. Similarly, in women all anthropometric variables (except HC) were associated with incident CVD when adjusted for the confounders; however, central obesity measures had better fitted models than BMI. When further adjusted for mediators, in women only WHR resulted in a significant risk of incident CVD, although 1 s.d. increase in WHtR resulted in a 19% increased risk of CVD as well.
An interpretation of the differences in the HRs between models 1 and 2 is the proportion of excess risk, found by (HR model1 -HR model2 )/(HR model1 -1), where HR model1 is the HRs for CVD risk conferred by a difference in 1 s.d. of anthropometric variables adjusted only for confounders and HR model2 is the HRs of anthropometrics adjusted for both confounders and mediators. 20 For example, (1.32-1.19)/(1.32-1) or 40.6% of the BMI effect in men appears to operate through the variables hypertension, hypercholesterolemia and diabetes, which were included in model 2 but not in model 1. The attenuated but still significant risk of anthropometric variables in the presence of mediators in men has also been shown by other studies. 21 Nevertheless, it is likely that the addition of mediators into the analyses might lead to over-adjustments, as obesity is a major contributor to developing the specified mediators. In women (1.19-1.05)/(1.19-1) or 73.7% of the BMI effect appears to operate through the mediator variables. In line with our findings, the Framingham Offspring Study showed that in 24 years of follow-up on men and women by mean age of 36.7, about 64% of the BMI effect appeared to be derived from the mediator variables including cholesterol-to-high-density lipoprotein cholesterol ratio, SBP and diabetes mellitus. Abbreviations: AUC, area under curve; BMI, body mass index; CI, confidence interval; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio. Abbreviations: BMI, body mass index; WC, waist circumference; WHR, waistto-hip ratio; WHtR, waist-to-height ratio.
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The significant risk of BMI and central variables in men and WHR in women in the full adjusted model might result from adiposity alone or with unmeasured factors such as increased blood volume, elevated cardiac output, left ventricular hypertrophy, left ventricular diastolic dysfunction, increased fat content of the heart, dietary intake, physical activity or inflammatory factors. 22, 23 In a study, WHR showed a stronger association with lifestyle factors, such as physical inactivity, than BMI. 24 Thus, the high predictive power of WHR for incident CVD in our study population might be attributable to the high prevalence of sedentary lifestyle, especially in females. 25 In the INTER-HEART study, WHR was the strongest anthropometric predictor of myocardial infarction in both genders. 4 The superiority of WHR over WC could be related to HC, as the greater HC is inversely associated with CVD risk. 4 Using cross-sectional analyses, an inverse association between HC and metabolic risk factors in an Iranian population has been previously shown. 26, 27 However, in the current study, a positive association between HC and CVD was found in males but the predictive power of HC for CVD risk was the lowest among all principal anthropometric variables.
The contradictory results regarding HC and incident CVD in the current study could indicate that those studies based on cross-sectional analyses of risk factor data may not relate to the issue of estimating the risk of CVD events; this difference has also been shown in a Finnish cohort. 6 WHtR is a simple and more convenient anthropometric variable than WHR and a better predictor of CHD in a Japanese population. 28 Nevertheless in Australians, WHtR was no more useful than WC in predicting CVD mortality. 29 In our study population, WHtR as an alternative to WHR-predicted CVD events in both men and women. In our data analyses, a significant reverse interaction between hypertension and obesity in men was found. To further explore the nature of this interaction, we undertook other analysis according to the obesity status; in men with BMI 430 kg m À2 (obese), the multivariate relative risk (95% CI) of CVD events for those with hypertension, as compared with the non-hypertensive group, was 1.52 (0.80-2.90). The corresponding relative risk in men with BMIo30 kg m À2 (non obese) was 2.25 (1.61-3.15) . This result suggests that hypertension would be a more powerful predictor of CVD in nonobese middle-aged men than in obese ones: a finding that is consistent with several, but not all, previous studies. [30] [31] [32] To determine a suitable choice of cutoff points for anthropometric variables, age, sex, ethnicity and the prevalence of the risk factor being screened should be considered. In women, younger adults and those with more prevalent risk factors such as dyslipidemia, lower cutoff points are more appropriate, whereas in older age groups and those with less-prevalent risk factors such as multiple risk factors (as a surrogate for incident CVD), higher values are more suitable. 13, 33 In this study, overall predictive discrimination (as judged by AUC) for incident CVD was better for WHR, WHtR and WC than BMI in both genders aged o60 years; however, there was no difference in the predictive power of anthropometric variables in either genders aged 460 years, a finding that is similar to other studies. 34, 35 Harris et al. 35 highlighted that in older men and women, WC and BMI were more closely related to total body fat than visceral fat; hence, central obesity variables, which include subcutaneous fat, in older population may not be related to CVD events as the same degree as in the middle-aged population. Evidence used to establish the anthropometric cut points have so far been obtained from a limited number of crosssectional analyses, not from their predictive power for CVD events in cohort studies; this adds to controversies regarding the cut points to define clinically relevant levels of general and central obesity in different populations. 36 Our study showed that in all study population, the BMI cutoff values of 27 and 29 kg m À2 in men and women, respectively, and B95 cm for WC in both genders yielded the MAXss for defining the incidence of CVD. Generally, the older adults had higher values of anthropometric cut points, except for the cutoff values of WC in men and BMI in women. Therefore, in the TLGS population, WC threshold values do not appear to be significantly different in men and women when all ages are included. In the current study, we used ROC analysis to derive cut points: an approach that is dependent on the anthropometric distribution in the study population. This means that as the mean values increase with the corresponding higher distributions, it would result automatically in a higher cut point using the ROC method. 37 Therefore, the higher cut point of BMI in women and similar cut points of WC in both genders could be attributed to the high prevalence of general and central obesity in Iranian women. 38 Recently, in a national survey of Iranian adults, the age-adjusted means of WCs among men and women were 86.6 and 89.6 cm, respectively. Therefore, Iranian women have considerably higher WC than other populations, which might be related to their genetic factors, sedentary life styles, low smoking rates, high fertility rates and high illiteracy rates. 25 Our results are in line with two other studies on Iranian population; the first was a cross-sectional study on men and women aged 35-54 years, which analyzed the cutoff points of anthropometric variables for defining at least two major CVD risk factors by ROC analyses, 13 and the second was a national survey that showed that the cutoff point of WC for predicting at least two other components of the metabolic syndrome was 89 cm for men and 91 cm for women. 39 Lemieux et al. 40 The ROC analysis, which was used to define the cutoff points of anthropometric variables in our study, equally weighted for sensitivity and specificity, 42 and therefore would provide low sensitivity for each anthropometric variable for predicting CVD in clinical practice. Furthermore, this may not be considered as the optimal point for a test in the clinic, as sensitivity versus specificity should be weighted against many other factors such as seriousness of the illness (that is, CVD events in our study), the test used for first evaluation, how invasive or feasible it might be and finally how often the test should be performed. 43 Furthermore, as a public health priority, it is necessary to cover a reasonable proportion of the population at risk; hence, we preferred not to miss more than 20% cases of incident CVD (that is, predefined sensitivity at the level of at least 80%) in identifying the appropriate cutoff point of each anthropometrics. The results, as expected, produced lower cutoff points of anthropometric variables with lower specificities.
There are several points that should be considered when considering the results of this study. The principal limitation of this study was the relatively short duration of follow-up and modest numbers of events. This limits the statistical power of more detailed analyses at this time. Furthermore, it must be emphasized that the threshold values drawn from this study were determined in Middle East Caucasian residents in the capital city of Iran and further studies should be conducted to determine whether our findings are applicable to other populations of this region. Lack of data on insulin values might be another important limitation of this study, as differences in the effects of BMI and waist might be mediated by insulin resistance. Nonetheless, our study has its strengths in having a large representative sample of Iranian urban men and women with very reliable follow-up data. Furthermore, we used actual measurements of anthropometric variables rather than self-reported data, and several CVD risk factors were taken into account in our data analyses.
Overall, we found that the predictive powers of all the waistrelated variables were the same and higher than BMI in predicting CVD in men; however, WHR and WHtR were more appropriate measures than BMI and WC in women. The values of waist-related variables for predicting CVD in elderly people were also different and had similar predictive power as BMI. By defining cutoff values of anthropometric variables for predicting CVD events rather than just CVD risk factors in cross-sectional analyses, the cutoff points (MAXss values) were different and suggested that BMI of 27 kg m À2 in men and 29 kg m À2 in women, WC of 94.5 cm in both genders, WHRs of 0.95 in men and 0.90 in women, and WHtR of 0.55 in men and 0.62 in women would define Tehranian population at an increased risk of developing CVD.
